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(54) Controlled release naproxen and naproxen sodium tablets 

(57) A controlled release tablet for once-daily oral adminfstration of about 500-1 200 mg of naproxen or naproxen 
sodium, said tablet being a homogeneous matrix comprising about 4-9 weight percent of 
hydroxypropylmethylceMulose having a number average molecular weight m the '^^'^^^f'''^'^^^^^^^^^ '° 
abou° 1 30,000 about 81-96 weight percent naproxen or naproxen sodium, 0.1 to about 2 we.ght 
pharmaceutically acceptable lubricating agent, and 0 to about 8 weight percent of other pharmaceut.cally acceptable 

excipients. • ^ i 

(Naproxen is (-H)-6-methoxy-a-methvl-2-napthaiene-acetic acid.) 
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SPECIFICATION 

Controlled release naproxen and naproxen sodium tablets 

• c o^e present invention relates to controlled release preparations of (+)-6-methoxy-alpha-methvl-2- 5 
^naphthaleneacetic acid (naproxen) and its pharmaceuticallv acceptable sodium salt (naproxen sodium). 
Specifically it relates to an oral dosage form comprising a homogeneous dispersion of naproxen or 
naproxen sodium in a matrix of hydroxypropyl-methylcellulose, which provides a release period suitable for 
daily dosing and exhibits good bioavailability. 

10 Naproxen and naproxen sodium are well known and widely used anti-inflammatory medications with lO 
analgesic and antipyretic properties. They are used for the relief of pain and inflammation generally, and for 
specific conditions such as arthritis and dysmenorrhea. Naproxen is available in 250 mg, 375 mg and 500 mg 
tablets and is generally administered in therapeutic doses of 500-1000 mg per day with dosing intervals of 
8-12 hours. Naproxen sodium is available in 275 mg tablets and is generally administered in therapeutic 

15 doses of 550-1 100 mg per day with dosing intervals of 8-1 2 hours. 15 
Hydroxypropylmethylceliuloses are commercially available in various grades, under several tradenames, 
including Methocel E,F,J and K (all previously designated as Methocel HG) from The Dow Chemical Co.. 
USA HPM from British Celanese, Ltd., England, and Metolose SH from Shin-Etsu. Ltd., Japan. The various 
grades available under a given tradename represent differences in methoxy and hydroxypropoxyl content as 

20 well as molecular weight and viscosity. Commercial designations of the various hydroxypropylmethylcellu- 20 
loses reflect their individual viscosity types and ai-e based on the viscosities of 2% aqueous solutions at 20" C 
as determined according to the method described in the United States Pharmacopeia, Rev. 20. The 
viscosities range from 1 5 cps to 30,000 cps and represent number average molecular weights of from about 
10,000 to over 1 50,000. Each of the various grades under a given tradename is a hydroxypropylmethylcellu- 

25 lose of a single viscosity type, e.g. 50 cps, 100 cps, 4000 cps, 15,000 cps, etc. 25 
The area of controlled release pharmaceuticals is increasingly important in the formulation, manufacture 
and marketing of new pharmaceuticalproducts. The technologies and corresponding products of this art are 
variously described as, among others, sustained release, controlled release, prolonged action, depot, 
repository, delayed action, retarded release, and timed release pharmaceuticals. In describing the present 

30 invention, the term "controlled release" is used to indicate that control is exercised over both the duration 30 
and profile of the in vivo drug release curve. 

Controlled release drug dosage forms offer many advantages over conventional dosage forms for 
particular drugs. Of major importance both practically and thereapeutically is the decrease in frequency of 
administration required to achieve the desired effect. A dosage form which is taken only once-a-day greatly 
i improves patient compliance, and by extending the drug's activity through the night, permits the patient to 35 
sleep undisturbed until the morning. By enhancing the acceptability of a medication regime, patient 
compliance, and hence therapy, is improved. 

Another important thereapeutic advantage of some controlled release drug dosage forms is a reduction in 
the fluctuation of plasma drug concentrations. The pharmacologic basis for minimizing fluctuations in 

40 plasma drug levels derives from three basic principles. First, every drug has a therapeutic blood level that 40 
must be reached if the desired benefit is to be achieved from its use. When the condition being treated 
requires multiple doses over an extended period of time, the therapeutic blood level is the drug level which 
must be maintained to maximize the effectiveness of the medication. Second, most drugs have toxic blood 
levels that define the limit above which adverse reactions, or side effects, are experienced. Third, the drug 

45 concentration-response curve for most drugs is such that activity is approximately proportional to the 45 
logarithm of concentration. From these pharmacologic principles, a rationale for closely maintained plasma 
drug levels can be inferred. Several years of clinical testing has supported that rationale, and it is now widely 
agreed that where continuous drug treatment is desirable, therapy is optimized when the plasma drug 
concentration is maintained nearthe therapeutic level. 

50 The mode of drug administration can influence the time course of therapeutic activity by affecting ttie* 50* 
profile of drug concentration in the blood. Conventional drug dosage forms are rapidly absorbed into the 
circulation and then metabolized; the blood level profile of the drug following a single conventional dose 
typically is defined by an initial high peak, followed by a rapid decline, the slope and duration of which 
depends upon such factors as the half-life of the drug. The initial high peak typically substantially exceeds 

55 the therapeutic plasma concentration range, and represents a large portion of the drug contained in the 55 
dosage form. After multiple periodic doses, a steady state mean plasma drug concentration is achieved, but 
the absolute level fluctuates in peaks and troughs above and below the mean level. 

In contrast, controlled release drug dosage forms can extend the duration of therapeutic drug levels in the 
blood, and minimize or even avoid the initial spike in blood level concentration which is typical of 

60 conventional dosage forms. Additionally, while controlled release oral dosage forms do not inherently 60 
reduce the fluctuations in plasma drug concentrations, an opportunity to minimize these fluctuations arises 
from the fact that the rate of drug release is metered over a prolonged period of time. 
A decrease in the fluctuation of plasma drug levels is achieved by balancing the in vivo release rate against 
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result of the rate of delivery into, and the pharmacokinetic behavior of the drug in, the body. 

Conventional dosage forms of naproxen and naproxen sodium are administered two to three times daily 
in order to maintain therapeutic blood levels, and to minimize the differential between peak and trough 
blood levels during multiple dose therapeutic regimens. Peak to trough blood level ratios of about 2:1 are 
5 generally achieved with these regimens. In the Interest of maximizing the therapeutic effectiveness of the 5 
drug, it is desirable to minimrze as much as possible the ratio of peak to trough blood-levels obtained during 
multiple dose therapy. Controlled release formulations generally permit less frequent dosing intervals to 
obtain acceptable peak to trough blood level ratios. . 
Many different types of controlled release oral dosage forms have been developed, bu each has 

10 disadvantages which affect its suitability to a particular drug and thereapeutic objective. Wide variations in io 
the physicochemical and pharmacokinetic properties of different drugs impose such varied requirements on 
the design of controlled drug delivery formulations, that formulations which are suitable for one drug cannot 
generally be predictably applied to other drugs. A formulation which incorporates the drug in a soluble or 
erodible matrix is desirable due to its ease of manufacture, low incidence of lot to tot variability, and 

15 relatively low cost. The use of hydrophilic gums such as hydroxypropylmethyl cellulose as sustained release 15 
matrix materials is known and has been demonstrated with a variety of active agents. However, no 
formulation of this type is known which is well suited for the controlled release of either naproxen or 

"^Ch?rstenson and Dale (U.S. Pat. No. 3,065,143) disclojsed the use of certain hydrophilic gums, including 

20 hydroxypropylmethylcellulose, as carrier base materials in the preparation of sustained release pharmaceu- 20 
tical tablets. The tablets consisted essentially of a mixture of a drug in combination w'^]),?; l^"^'^^/^ 
part by weight of the hydrophilic gum. Examples 1 and 7 disclose the use of Methocel 60HG 4.000 cps (now 
known as Methocel E4M) which has a number average molecular weight of 93,000 as calculated from the 
data in the "Handbook of Methocel Cellulose Ether Products" (The Dow Chemical Co.J974^ Example 4 

25 discloses the use of Methocel 90HG 4,000 cps, and Example 5 discloses the use of Methocel 90HG 1 5,000 cps, 25 
(now known as Methocel E4M and K1 5M respectively): The 4,000 cps and 1 5,000 cps viscosity grades 
indicate that the polymers have number average molecular weights of 89.000 and 124 000, respectively. 
Polymer to drug ratios given in the examples range from 1 : 2 to 10 : 1 and durations of sustained released of 
up to 12 hours /n v/fro are disclosed. ' . ^ ^ 1 *i. 1 

-so Schor and Nigalaye (U.S. Pat. No. 4,369,172, 1 983) have disclosed the use of certain hydroxypropylmethyl- 30 
celluloses for "prolonged release therapeutic compositions." In that case, the carrier base is low viscosity 
hydroxypropylmethylcellulose having a number average molecular weight below 50,000 and a hydroxy- 
propoxyl content of 9-1 2%. Specifically cited as examples corresponding to these criteria are Methocel E50 
and Metolose 60SH50, which are 50 cps viscosity grade hydroxymethylcelluloses having number average 

35 molecular weights in the range of 23,000. Examples 1 -4 describe tablets consisting essentially of about 57 /o 
by weight of one or the other of these two materials in combination with lithium carbonate. The tablets 
weighed about 700 mg and released the active agent for up to 14 hours in vitro. Examples 5-6 describe 
sustained release aspirin tablets in which the hydroxypropylmethylcellulose carrier base constitutes 16.5 /o 
of the total weight of the tablet. The tablets had an average weight of 787 mg and released 650 mg aspirin m 

40 vitro over a period of 6-8 hours. Further examples in U.S. Pat. No. 4,369.172 show tablets containing 16-20% 
by weight of the polymer and release of the active ingredient over 1-6 hours m vitro. 

The Dow Chemical Company publishes a brochure entitled "Formulating Sustained Release Pharmaceu- 
tical Products with Methocel" (1982) which describes the various commercially available Methocel 
polymers, identifying their relative viscosities, rates of hydration and gel strength properties. The brochure 

45 also suggests criteria for formulating sustained release pharmaceutical products. 

While the concept of utilizing hydroxypropylmethylcellulose in oral dosage forms to prolong the rate of 
release of drugs in^o the blood stream is known, and prolonged release of various active agents from such 
dosage forms has been demonstrated, the art available to formulate oral controlled release forms of 
naproxen and naproxen sodium has several disadvantages. First, it is apparent from the foregoing 

50 discussion of the relevant art that presently known sustained release tablet formulations rely on fairly high 
levels of hydroxypropylmethylcellulose to achieve adequate duration of drug release. The major Prob^m 
with using any of theseformulatidns is the additonal-bulkoHhe resulting t3blet.'ln dryorat'd^^^ 
there is an approximate upper limit to the tablet bulk that will be tolerated by the patient. This limit varies 
from patient to patient, but can be as low as 650 mg. Thus, with drugs such as naproxen, whose therapeutic 

55 dosage range is 500-1 200 mg/day, the additional tablet bulk which is created by inclusion of substantial 55 
amounts of matrix material will render the tablets unacceptable to many patients. 

Furthermore, while the art demonstrates in vitro sustained drug release fom several formulations using 
hydroxypropylmethylcellulose, the pharmacokinetics of /n vivo drug release, absorption, distribution, 
metabolism and excretion impose more demanding requirements on the design of the controlled release 

60 tablet formulation than are apparent from /n vitro testing. The present invention is directed to a new 60 
controlled release oral dosage formulation for naproxen or naproxen sodium which provides sustained 
therapeutic plasma drug levels for at least 24 hours, and requires a surprisingly small amount. 4-9 weight 
norr*.nt nf hvHrnvvnmnvlmethvlcellu lose. The low level of matrix material required by the present invention 
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„nr» riailv administration of the controlled release tablets of the present invention also 
^.l^ie^rctLa' S a r^^^ P'"^'"'" chronic twice-daiiy admin.stra- 

, Jnln ionaf na~ naproxen sodium tablets. Additionally, the new formulat.on .s 

■ ^^r^ven or naproxen sodium, the hydroxypropvlmethylcellulose. and a lubncatmg agent. 5 
^ "'^ Z^n^l^hToresem invention there is provided a controlled release tablet for once-da.ly oral 

dmTni So? 50^1200 of naP'oxen or naproxen sodium which is formed from a matrix compr.smg: 
' abo^fXelght percent of'hydroxypropylmethylcellulose having a number average molecular weight ,n 
the rangeoffrom about 80,000 to about 130.000, io 

rrru^t-^eCrprnr^^^^^^^^^ 

,,%ti^.^/isagraphicalillust.tion^^^^^^^^ - 

H m rrmDared with a single dose (2x375 mg tablets! of Naprosyn* brand naproxen hne C). 
„ .and B) ^« =°;"P/;;°^^3, of the results of the test described in Example 5 showing comparative 

the range of from about 80,000 to about 130,000. 
about 81-96 weight percent of naproxen or naproxen sodium, 
0 1 to about 2 weight percent of a pharmaceuticallv acceptable lubricating agent, and 

:err:r.:r;=:fe;^^^^ 

include magnesium s.eara.e, stearic acid, calcium s.earate and the like, or mixtures thereof. Magnesium 

''%X'n^r^"'tet matrix mayincludeminoramountsofotherpharmac^^^^^^^^^^^ 

such as colorants and glidents. Suitable colorants include, but are not limited to, FD& C Yellow *5. FD&C 
Y«Mow #rand FD&C Blue #2 and generally represent 1% or less of the tablet weight. Suitable glidents 
i^iclude.bu.arenof.^^^^^^^^^ 

""'^heVel'mS^ 

lubricat!na agent and other optionally included exipients. An important aspect of the present invention is 
he fac that the l^^ydroxypropy'meth^ is uniformly dispersed throughout the matrix to achieve 

uniform dr g release. The matrix may be made by any pharmaceutically acceptable technique whieb 

4S achieves uniform blending, including dry blending, conventional wet S^^""'^*'^;/;— ^^^^^^^^^^ 
and fluid-bed granulation. Tablets can be made fom the resulting matrix by any tableting technique. 

In accordance with the present invention, the amount of naproxen or naproxen sodium that is 
incorporated in a tablettnay range between about 500 and about 1200 mg. The 'herapeutic ""ge of about 
600-1 1 00 mg per tablet is indicated for the treatment of pain of arthritis, dysmenorrhea and o«her co"d lons^ 

50 The table, of the present invention provides a release period suitable for once-daily 

24 hour period. Generally, naproxen and naproxen sodium lln, N~n?s 

1000-1 100 mg/day, depending on the physician s judgement of the needs of the patient. Naproxen is 
generally administered at levels of 500, 750 or 1000 mg/day, while naproxen sodium is generally 
administered at levels of 550 or 1100 mg/day. , L,i.,.ii..i„.= o.hor and M 

65 The hydroxypropylmethylcellulose utilized in the present invention is a ^ 
is commerciany available in various grades under the tradenames mentioned above The physicochemical 
properties of these polymers vary over a wide range. Preferred embodiments o this 'nven.ion ize 
premium grade polymers of a single viscosity type having number average molecular weights in the range 

60 °'Thrnumbe°r°a!eS molecular weight of the hydroxypropylmethylcellulose which is used in the tablet 60 
matrix substantially influences the release profile which is obtained. The number average molecular weight 
(Mn) is the sum of the individual molecular weights of a representative sample population of molecules 
divided by the number of molecules in that sample, and is calculated from the limiting osmotic pressure of 
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molecular weight of ^ 20-000 J;^";^^" ^^^^^ 3 naproxen sod'um contro^^^^ 

HydroxVP'opylmethylcenuloses whic polymers.>^ "^fdh^'.^^jg ^^ose commercial 

use in the tablet matrix are ava-lable »s 8'"9re hydroxypropylmethylcellulose w^^^ 

viscosity type" refers Examples of single ^'^'''^'S'JIJ'J^Zm.MM. E4M and 

,0 designations reflecttheK,nd.v^^^^^^^^^^ 

^° celluloses which are su'tablefor use in tn P^ j^^^jj^ polymers havmg » » ., , pyniber 

MMlDowChemicalCo U5^ -J-h«r^^ 

weights in the range of SS-OOO-^^'"""'/ , oo0-130,000. Other suitable coecific 
:ve?agemolecularweigm|nthera^geof^^^^^^^^ 

preferred hvaroxypropyi r nresent nvention provides merapc • fluctuations in 

The following examples serve lu lu 
thlscope of the appended claims in anyway. 
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1 sustained Release Naproxen ta^ets. 750 m 
{Formulation A) 
Tablets were prepared from .he following ingredients: 



Ingredients 



1 
2 

3 
4 



magnesium stearate,NF 
deionized water, USP 



TOTAL WEIGHT 



grams 

3.555 
356 

40 
1,896ml 

0.83 grams/tablet 



mg/tablet 

750.0 
75.1 



8.4 



45 



50 



Ingredients 



2 sustained f^eiease Naproxen Ta,,e:s. 750 rrg 
(Formulation b) 
Tablets were prepared from the following ingredients: 

grams 



naproxen, USP 

hydroxypropylmethylcen^^^^^^^^^^ 
2208, 15,000 cps (METHULtu no 
magnesium stearate, NF 
deionized water, USP 



3.402 
179 

38" 
1.004 



mg/tablet 

750.0 
39.5 



8:4" 



55 



TOTAL WEIGHT 



0.80 grams/tablet 
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Example 3 determine the blood levels of naproxen after administration of single doses of 

A study was performed ^° ^^^^f^'^' , 2) over a 48 hour period using two Naprosyn® 375 

mg tablets, ^ for the study. The participants were not permitted to use 

throughout the study period. 

i: The study was Pe^'^;,^^,^ '°''°r'^^3g .^e study drug formulaiior^s were administered to each 
,0, Fo"°-2f".-Yrone:chX^^^ 
raSdand°°eac:particrpam^ 

"tim^n^ersXhoirbr^^^^^^^^ 

depicted in Figure 1. 
20 Example 4 

Controlled Release naproxen Sodium Tablets. 550 mg 
Tablets are prepared from the following ingredients: 



25;: 



30 



Ingredients 

1 naproxen sodium, USP 

2 hydroxypropylmethylcellulose, USP 
2208, 1 5,000 cps {Methocel Kl 5M Premium) 

3 talc, USP 

4 nnagnesium stearate, NF 

5 deionized water, USP n 



grams 


mg/tablet 


5,500 


550.0 


412.5 


41. 2S 


315 


31.5 


35 


3.5 


2,100 


36.0* 



35 



662.25 grams/tablet 



40 



10 



15 



20 



25 



30 



TOTAL WEIGHT 
* remains as water of hydration for naproxen sodium 

and weight with 3500 pounds load compression. 

45 

^'ATudy was performed to determine the mean plasma levels of naproxen after -""''iP'^ ™J 
controlled release naproxen tablets (Formulation B in Example 2) administered ^^^lll'^J^ZZe 
Naprosyn* brand naproxen 1375 mg) tablets administered once every 1 2 hours. Twelve heBlthyma^^^ 
50 volunteers. 21-35 years of age were selected for the study. The participants P«™'"f,7„*^^ 
hypnotics, sedatives, antihistamines, or other enzyme-inducing drugs for a month 
study. No drugs, includina all over-the-counter drugs, or alcohol, were allowed 72 hours before, or during, 

"'TSd^'t'sdesignedasatwo-waycrossoverinwhicheachsubiectreceived^^^^^^^^^ 
55 over a five day period Following an overnight fast, participants were administered "^^^f;"^ 
(either one 750 mg controlled release tablet of Formulation B, or one 375 mg N^P'^.'^V"" ^I^"^ '"^^ ^^^^^ 
9:00 a.m. according to a randomized schedule. At 9:00 p.m. those P^^'^'P,^"'"^^,^*^;^;^^^^^^^^^^ 
product, Naprosyn* 375mg. received their second dose of one Naprosyn* tablet. The Partn^'P'n'f ^^'^ 
maintained on a daily dose of the same study drug administered at the same time (or times) of the day for a 

®° '°EMh dayjmmediatelv before the dose at 9:00 a.m., blood samples were drawn from each P^^'P^"'. 
Blood samples taken on the morning of the fifth day followed an overnight fast. Subsequent blood samples 
were taken at 1, 2, 4, 6, 8, 10, 12, 14, 16, 18. 20, 22, and 24 hours after the 9:00 a.m. dose on the daV^The 
samples were assayed for naproxen and the resulting mean plasma naproxen concentrations achieved by 
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«as 1 .611 . ^*'«'"Vl'^;i,rs was 1 .9:1 • . . .^^^nce to number a^e^se moiec 

tablets once e^erV 12J^°" «hen ^^^.<^'"'f"ll^ up to 10% above naproxen 

Asused herein. he«^^^^^ 
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10 



-n naproxen sodium, sd. hvdroxYPfopV^^^"^ 

T.econtronedre.easetab,eto naproxen Is 750. 9^ 
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7. 
8. 
9. 

10. 

11. 
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The conn ^otahletof c aim ovv. 

The controlled release tablet ^^^^^ 
11 The controlled release ta^i 000-130,000. 

Plltl»r::-r: 

e03^-r=leareleasetable,o.laln,ie — tbea.o.nto 
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about7-9 we ght percent of the nyaroxypruMY 

'\TTccn7onedre.e3setab,..o.c,=im2iwhereint^^ 

about 1000-11°p . , naproxen sodium. 

the range of about 120,000-130,000, 
about 82-90 weight percent naproxen sodium 

0.1 to about 2 weight percent '"bricatjngjen^^ acceptable glident. and optionally 

4-6 weight percent of the tablet. wherein the amount of naproxen is about 500 mg. 

exemplified herein. 
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